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Section A 
 
The section is worth 20%. This section is mandatory. There are no choices.  
 
A1.  
You required to select suitable alternative materials used to produce present day cars. You must 
do this realising that energy is used to build cars and run them. Consumers and legislation want 
more fuel-efficient cars.  
 
You should suggest materials for the car based on its ability to have the necessary stiffness, 
strength, formability, and weldability. In addition you must also consider manufacturability, 
maintainability and disposability at the end of life; i.e., to be disposed of, or recycled, in a manner 
that will be acceptable to environmental legislation and community expectations. Above all, in 
order to sustain the business of the car-making company, cars must be affordable and be able to 
make profit for the company in a very competitive environment.  
 
Describe your thoughts in a detailed manner on selecting alternative materials for future cars. 
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Section B 
This section is worth 80%. Answer any 5 of the 7 questions. Each question is worth 16 




A. Describe the properties of metals, ceramics, polymers and composites in a tabular form. The 
properties you should describe are strength, modulus, ductility, density, conductivities, and 
melting temperatures.  
 
B. In Fig.1 below, the elastic deflection δ of a cantilever beam of length l under a uniformly 
distributed force F is given by the formula 
 
𝛿𝛿 = 18�𝐹𝐹𝑙𝑙3𝐸𝐸𝐸𝐸 � 
and I ≈ πr3t 
The cross-section is thin tubular with radius r and thickness t. Thickness t is the only dimension 
that can be varied. Using the properties given in Table 1 select the most suitable material, 
assuming deflection is constant, by calculating the material index which is in a form of ratio of 
density and elastic modulus. 
 
 
Fig.1 A tubular beam subjected elastic deformation under uniformly total distributed force F 
 
Table 1 Materials to be considered  
 
Material Density (g/cm3) E (GPa) 
Steel 7.8 200 
Aluminium alloy 2.7 69 
Titanium alloy 4.5 120 
GFRP 2.0 40 
Wood 0.6 12 
CFRP 1.5 200 
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A. Explain glass transition temperature in polymers and its significance for use in engineering 
structures. What controls the glass transition temperature? 
 
B. The yield strength of a steel specimen is 300MPa and its tensile strength is 450MPa. 
Consider two scenarios. 
i. The specimen is loaded in a tensile test to 250MPa and unloaded. 
ii. The same specimen is reloaded in a tensile test to 380MPa and 
unloaded. The specimen is then reloaded to failure.  
Explain the material behaviour by drawing a schematic stress-strain diagram for the loading, 
unloading and reloading for both scenarios. Derive an expression for the slope of the true 
stress-strain curve at the point of necking.  
Question B3 
 
A. In tensile tests on steel and aluminium, describe the distribution of deformation along the 
gauge length in the specimens until the load reaches the maximum and after it exceeds the 
maximum load. Use schematic diagrams to explain your answer for both materials. 
 
B. Draw a schematic diagram to show a tensile test curve for a ductile metal and mark the 
following parameters: 
• Elastic region 
• Plastic region 
• 0.1% proof strength 
• Tensile strength 
• Plastic strain at fracture 
• Elastic energy at fracture 





A. Describe the importance of hardness test and its limitations. What useful information can 
you get from a hardness test?  
 
B. What is the ideal strength of materials? Describe an edge dislocation and the importance of 
dislocations on plastic deformation of materials. Based on this, describe the strengthening 
mechanisms in polycrystalline materials.  
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Question B5 
 
A. The standard electrode potentials for various metals are given in Table 2 below. Amongst 
these metals which will you use to cathodically protect a steel structure against corrosion 
and why? The steel structure is at a potential of -0.44 volts( vs SHE) in a neutral pH 
solution. The Pourbaix diagram for iron is given in Fig.2. What will be the resultant 
potential? 
 
At the potential(-0.44V vs SHE) if the pH of the environment surrounding the steel structure 
is increased to 12 (by pouring concrete), what will be the corrosion state of the structure?  
 
Table 2 Standard Electrode Potentials 
 







Fig.2 Pourbaix diagram for iron 
 
B. Answer all of the following questions 
 
i. Describe a simple test you will perform to ascertain the corrosion rate of materials? 
Derive an expression for the corrosion rate of materials. 
 
ii. Derive an expression to convert corrosion rate to corrosion current? 
 
iii. Plain carbon steel immersed in sea water has a uniform corrosion rate expressed as 
0.127 mm per year. The density of iron is 7.87 Mg/m3. The atomic weight of Fe is 
55.8 g/mol. 
a. Calculate the weight loss per year per unit area 
b. Calculate the corresponding minimum corrosion current per unit area 
needed to stop corrosion by assuming iron corrodes as Fe   ---- Fe+2 + 2e 
 
iv. Steel bolts were used to secure large sheets made of copper used in a corrosive 
environment. What are the consequences of such a set up? Suggest some 
remedies 
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Question B6 
A. Explain the micro-mechanisms of fracture in ductile and brittle metals. Why a composite 
made of two brittle materials is tougher than the individual components? 
 
B. The following diagram in Fig.3 shows the crank-pin end of the connecting rod on a large 
scale miniature steam locomotive. The locomotive weighs about 900kg and is designed for 
hauling passengers around a country park. In the full-size prototype, the connecting rod and 
big-end were from a single-billet of steel. However, in order to save cost in building the 
miniature version, it is intended to weld the two parts together with a full penetration double-
sided weld, grinding the surface flush to hide the joint. Do you think that this design will 
have the required fatigue properties? Use the standard weld classes in Fig.4 and fatigue 
weld design curves in Fig.5. Design and operational data are given in Table 3. 
 
Table 3. Design and operational data 
 
Diameter of the double-acting cylinder 90mm 
Diameter of the driving wheel  235mm 
Steam pressure inside cylinder at point of admission 0.7MPa 
Estimated annual distance travelled 6000km 




Fig.3 Weld details of the gusset 
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Fig.4 Standard weld classes 
 
Fig.5 Fatigue strengths of the standard weld classes for structural steel – curves for 97.7% survival 
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Question B7 
 
A. Describe in detail the methods used to design a material for a turbine blade. 
 
B. Answer all the following questions. 
i. Draw a stress-vs-time diagram for an aircraft wing during take-off? 
 
ii. What factors affect the fatigue properties of welded components? 
 
iii. Why are some materials such as aluminium and high Ni steels used for cryogenic 
applications? Why are plain carbon steels not used in cryogenic applications?  
 
iv. A large furnace flue (a duct for hot gases) operating at 440oC was made for a low 
alloy steel. After 2 years in service specimens were removed from the flue and the 
fracture toughness was found to be 30MPam1/2. The skin of the flue is made from 
plates 10mm thick. Owing to the self-weight, the flue plates have to withstand a 
stress of 60MPa. Estimate the length of the through-thickness crack that will lead to 
fast fracture. The correction factor Y= 1.and cc aYK πσ=  
